Abstract-Dissolved gas-in-oil analysis (DGA) is a sensitive and reliable technique for the detection of incipient fault condition within oil-immersed transformers. When the mineral oil is subjected to high thermal or/and electrical stresses, it decomposes and, as a result, gases are generated.
I. Introduction
Dissolved gas analysis (DGA) is a popular diagnostic technique that is used to detect incipient faults in oil-filled power transformers [1] . By using DGA data, transformer criticality can be identified with proposing the proper maintenance action [2] .
Several methods were proposed to diagnose incipient faults based on DGA. These methods are key gas method, Rogers's ratio methods, Duval triangle method, Doernenburg Ratio method, Basic Gas Ratio, and artificial intelligence based methods.
The key gas method identifies the key gas for each type of fault and uses the percent of this gas to diagnose the fault as suggested by IEEE standard C57.104 [3] . The percent amount of gas is obtained in terms of the total combustible gases (TCG). The main disadvantage of this method is that the interpretation by the individual gases is difficult in practice since each incipient fault produces traces of other gases in addition to the key gas of such fault. The ratio methods for fault diagnosis use certain ratios of dissolved gas concentrations according to combinations of codes [4, 5] . An incipient fault is detected when a code combination matches with the code pattern of the fault. The most widely used ratio methods are the Doernenburg Ratio Method, Rogers Ratio Method, and IEC standard. Six gas ratios have been used by different methods. The major drawback of ratio methods is the "no decision" problem associated with some cases that lie out of the specified codes.
In recent years, many researchers have studied the application of artificial intelligence based techniques for transformer fault diagnosis. These techniques include expert systems, fuzzy logic, artificial neural networks or mixed techniques [6] . However, these methods are too complicated to be implemented practically on a wide range.
This paper investigates the new aspects, accuracy and consistency of these methods in interpreting the transformer condition.
II. (DGA) to Diagnose Transformer Faults
When an incipient fault occurs, either thermal or/and electrical, a number of gases are generated and dissolved into the oil. These gases are mainly H2, CH4, C2H2, C2H4 and C2H6. In addition CO and CO2 will exist if cellulose degradation is involved, based on the type and amount of generated gases [1] .
A. DUVAL TRIANGLE (DGA) DIAGNOSTIC GRAPH METHOD M. Duval [7] . Proposed another diagnostic method to overcome this limitation, well known as Duval triangle.
This method is based on a triangle graphical representation to visualize the different cases for oil-insulated high-voltage equipment (mainly transformers), Fig. (1) Provides a graphical method of identifying a fault. It uses a three-axis coordinate system, where concentrations of CH4, C2H4 and C2H2 are used as coordinates, and the likely fault falls within one of the fault regions of the triangle. The various regions within the Duval Triangle are given in Table (I) [7] .
For example if C2H2 = 0.1, CH4 = 0.3 and C2H4 = 0.6. The fault diagnostic is T3 (Thermal fault t > 700 °C) as shown in 
III. CASE STUDY DISSOLVED GAS ANALYSIS
The case study carried out from three different groups of transformers each group are identical in Abu-Sultan steam power plant. The diagnostic methods for DGA are used by a numerical method, The Matlab program diagnoses output for the under testing transformers. Table (V) shows application of the faults diagnosed by various methods, which indicate that all transformers are thermal faults.
PD
Partial discharge
T1
Low-range thermal fault (below 300 °C)
T2
Medium-range thermal fault (300-700 °C)
T3
High-range thermal fault (above 700 °C)
D1

Low-energy electrical discharge
D2
High-energy electrical discharge
DT Indeterminate -thermal fault or electrical discharge. 
C2H2%
V. RESULTS AND DISCUSSION
Comparison of various methods as shown in the table (V), a thermal fault in oil within all transformers is diagnosed for all five methods. Where winding temperature do not exceed 95°C and oil temperature do not exceed 85°C for all transformers during normal operation, and the possible collapse of cooling system during operation in this case is too small and there is no increase in the viscosity of the oil as it is clear in the results of chemical analysis of samples oil and no wax materials. However, there is an important factor is the increased over excitation due to reduction of generator speed when some of the generating units from the network goes out during normal operation or the frequency disturbances that occur when large loads are connected to the electrical network system.. Over-excitation or/and under frequency protection may be or may be not operate depends on the response of power system control. The under frequency relay operate at 47.5 Hz with time lag 0.5 sec and over excitation relay operate at V/Hz = 1.1pu for 45 sec time lag or V/Hz =1.18 pu for 2 sec time lag at generators.
If frequency decreases and the voltage is constant, the transformer core is heated. Fig. (3 Transformers require an internal magnetic field to operate. The core of a transformer is designed to provide the magnetic flux Necessary for rated load.
An over-excitation condition occurs when this equipment is operated such that flux levels exceed design values. The voltage output of a transformer is a function of the rate of change of the flux and the number of turns in the output winding. e = N d /dt during normal power system operation.
The voltage is sinusoidal and the rate of change is determined by the frequency, which is in turn determined by generator speed [8] . The rated generator voltage and frequency is 15 KV and 50Hz respectively. So generator is over excitation =1.0061 Pu.
At unit, start up the voltage may be built to 15KV at generator frequency 48 Hz then 1.042 Pu over-excitations. Disturbance in frequency is repeated from 18/5/2015 to 20/5/2015 in power system as shown in Fig. (4) and affect all network transformers in this moment and there is an instantaneous decrease in power system frequency to 45.36 Hz without operate under frequency or/and over-excitation relays because disturbance duration less than 0.5 sec as shown in Fig. (5) . Over-excitation will result from high voltage at rated frequency and from rated voltage with low frequency.
Because over excitation is a function of voltage and frequency, it can occur without notice. Transformers and generators can be subject to repeated over excitation by inappropriate operating practices or operator error without a disruption to operations. The resulting thermal faults lead to oil decomposing to generate fault gases H2, CH4 at temperature 120°C, C2H6 at temperature 150°C, C2H4 at temperature 300°C, and C2H2 at temperature 700°C. In addition, degradation of insulating material is cumulative. A transformer or generator that survives a serious over excitation event or many small events may fail as a result of a moderate event during normal service as all transformers under study.
In addition, if voltage increased, at rated frequency, the exciting current increases, as shown in Fig. (6) . So Tr1 through Tr6 are effected by over excitation due to network normal operation but Tr1, Tr2,Tr5, Tr6 are effected by Over excitation damage usually occurs during periods of off-frequency operation such as start up or shut down for unit transformer as shown in Fig.(2) and table (VI). Modification of Duval triangle DGA diagnostic graph to numerical method easy to use for diagnoses and to use for a Matlab program. Transformer thermal faults during dynamic load cycle due to temperature increase from over load, cooling system failure or trouble, fault currents and /or over excitation condition.
Over excitation, damage usually occurs during periods of offfrequency operation such as start up or shut down for unit transformer. In addition, the fault gases can be generated due to oil decomposing effected by transformer over excitation which increasing the transformer exciting current lead to rising the temperature inside transformer core beside the other causes.
Because over excitation is a function of voltage and frequency, it can occur without notice. Transformers and generators can be subject to repeated over excitation by inappropriate operating practices or operator error without a disruption to operations. The resulting thermal faults lead to oil decomposing to generate fault gases H2, CH4 at temperature 120°C, C2H6 at temperature 150°C, C2H4 at temperature 300°C, and C2H2 at temperature 700°C.
Degradation of insulating material is cumulative. A transformer or generator that survives a serious over excitation event or many small events may fail as a result of a moderate event during normal service as all transformers under study. 
